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EDITORIAL 


A single British Society now serves the interests of all who have set as their 
goal the achievement of interplanetary flight. Its foundation comes at a 
propitious moment, when recent inventions appear to have brought that goal 
immeasurably nearer than many of us had once dared to hope. That these 
inventions should have needed the stimulus of a world war to bring them to 
fruition is, unfortunately, only too typical of the recent history of scientific 
progress. First one side in the struggle, with the “V2,” has solved some of the 
most difficult problems of high-altitude rocket flight; and now the other side, 
with its far more destructive atomic bomb, has dazzled us with the prospect of 
an almost weightless fuel of phenomenal power. These terrible weapons must 
- now be made to expiate their crime against humanity by turning its thoughts 
to worthier outlets for the spirit of adventure. But we are not yet freed from 
the curse of their origin: the secrecy with which this new knowledge has been 
shrouded is only now being slowly torn away with the reluctant lowering of 
inter-state barriers to scientific co-operation. However, mere disclosure that 
technical progress of the right kind has been made is not enough to ensure its 
being used to further the aims which we have in view, because the research 
which brought it about has had very different objects. This applies not only 
to the technicalities of reaction propulsion, but also to all the diverse scientific 
byways which have an essential bearing on the solution of our problems. 

Hence the need for our Society as the co-ordinating body for all this applied 
science. It has an immense task before it, requiring the devotion of all who can 
spare time and labour in its service. Yet the work of gathering in all this 
information and making it available for members can only be regarded as the 
necessary preparatory stage of the Society’s full programme, which is to 
stimulate its members to bring about further progress themselves and, by 
convincing others of-its seriousness of purpose, to gather into its fold all manner 
of experts who are most competent to assist that progress. We cannot know 
yet whether our efforts will be rewarded by success, because flight across Space 
cannot be proved possible until it has been done; but it will never be done at all 
unless a hard road is travelled with single-minded persistence to its end. 
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DR. ROBERT H. GODDARD 
1882-1945 


Robert Hutchings Goddard, who died in August, 1945, at Baltimore, at the 
age of 62, takes his place in history among the select few who first held a 
rational belief in the ultimate practicability of Space Flight. To further this 
object he carried out many pioneer experiments in rocketry; but he was 
curiously averse to publicity, and in consequence was often late in receiving 
due credit for the priority of some of his work. 

Goddard appears to have begun this study in 1909, a year after graduating 
at the Polytechnic Institute at Worcester, Mass., his birthplace. But it was 
ten years before the world learned of what he was doing. He moved from the 
Polytechnic to Princeton University as Research Instructor, and then back to 
Clark University at Worcester. During this period he carried on research at 
his own expense, and from it concluded that a rocket could escape from the 
Earth. But he had in the end to look to the Smithsonian Institution for 
financial support, with the result that in 1919 it published his paper, ‘‘A Method 
of Reaching Extreme Altitudes,” the title of which did not offend the orthodox 
by disclosing the extremity of the altitudes aimed at. 

At first the research was conducted with powder rockets, but after a few 
years a change was made to liquid fuel. This was at first tried out on a test 
bench, and then, in July, 1929, what is claimed to be the first liquid-fuel rocket 
to take off was launched near Worcester—but it exploded at 900 feet. 

The Cargegie Institute and the Guggenheim Fund supported this work, 
and enabled Goddard to set up a laboratory at Roswell, in New Mexico. Later 
he returned to Clark University, and continued his studies there in secret from 
1934 to 1943, by which time he had started working on Jet Propulsion. He 
had also become Professor of Physics there. 

Many devices invented by Goddard are now beginning to be made public 
through the issue of U.S. patents. Science News Letter, of Washington, 
mentions some of them. One is an enormous tube with a trumpet-like flare to 
receive and decelerate a stratospheric rocket on landing. Several are concerned 
with fuel systems, and with preventing unmanageable overheating of the 
combustion chamber; a tank of liquid nitrogen provides a coolant which after- 
wards goes to fill the vacant space in the emptying fuel tank. Another idea is 
revolving combustion chambers with ribs or baffle-plates to mix the fuel and 
oxygen more thoroughly. An exploratory research rocket, propelled by a 
series of explosions, is also patented. 

The real aim of Dr. Goddard, the conquest of Space, was not publicly 
disclosed till 1924, when he proposed shooting a rocket which would cause a 
bright flare on hitting the Moon. Since then his confidence in the future of 
interplanetary travel, and his lifelong devotion to the cause of making it 
possible, have proved an inspiration to a growing host of other workers in the 
same field, and infected them with a belief that success is worth striving for 
because it will eventually be achieved. 
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“A SURVEY OF ATOMIC POWER” 
By Don Arnott, B.Sc. (LonD.) 


A paper read to the British Interplanetary Society in London on 
December 8, 1945 


Of the whole question of atomic energy, nuclear fission—as instanced 
in the atomic bomb—is only one special case, and not the one of greatest 
potential importance at that. In order to deal with the question at its widest 
it must be recognised that the advent of atomic power, and the possibilities 
now being discussed, are no more than the latest step in a long chain of 
reasoning and experiment, and follow directly from the pioneer work of Dalton 
in chemistry and Faraday in physics. 

The question of the continuity or discontinuity of matter remained a 
philosophical impasse until the beginning of the nineteenth century, by which 
time the accumulation of experimental data rendered inevitable a quantitative 
basis for the further development of chemistry. Dalton was quick to see that 
the Law of Multiple Proportions implied a very specific atomicity in matter; 
but when, thirty years later, Faraday established the Laws of Electrolysis, 
the backwardness of electrical theory held back the logical deduction that 
electricity, also, was atomic in nature. Full realisation of that fact did not 
come until Hittorf, Crookes and others had embarked on the comparatively 
elaborate experiments which led to the discovery of the electron and X-rays, 
and to the acceptance of an intimate relationship between matter and electricity. 

Meanwhile Mendeléeff had, with his Periodic Table, shown that the 
similarities between various elements were in some way bound up with their 
atomic weights. It needed little more to deduce that the Periodic Table was 
a reflection of periodicity in atomic structure; and the little was not lacking. © 
In 1896 Becquerel discovered radioactivity, which, in the ensuing ten years, 
was established as the spontaneous breaking-up of the atoms of about half a 
dozen of the heaviest elements, right at the end of the Periodic Table. 

The atom was no longer a convenient chemical hypothesis; it had been 
shown to have a real and complex existence, the nature of which was investi- 
gated by the great school of physicists founded by Lord Rutherford. They 
invented a technique which has proved to be one of the most successful in’ 
the whole of scientific history: it occurred to theni to fire back at the atoms 
the various particles which were shot out in atomic disintegration. They 
established that an atom consisted of a miniature solar system, with a positively- 
charged nucleus at the centre, surrounded by one or more electrons each 
bearing a unit negative charge. As one went up the Periodic Table the 
atomic species became heavier and more complex., The electrical neutrality 
of the atom depended on the fact that the positive charge on the nucleus is 
exactly balanced by the total charge on the planetary electrons surrounding 
it: consequently, the greater the charge on the nucleus, the larger was the 
number of these electrons. Further considerations showed that most of the 
mass of the atom was concentrated in the nucleus, and that the planetary 

electrons were responsible for the chemicalyproperties of each atomic species. 
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In 1905 Einstein, starting from theoretical considerations, concluded that 
the amount of energy E equivalent to a mass m could be deduced by a very 
simple relationship 

E = mc 
where c is the velocity of light. He thus established that energy has mass, 
and that matter is a form of potential energy; further, that if even a very small 
mass could be entirely converted to energy, the energy-release would be — 
enormous. 

It is on this equivalence of mass and energy that all hopes of obtaining 
atomic power are ultimately based and, since the nucleus is the seat of most 
of the mass of a given atom, it is to the nucleus that we must especially turn 
our attention in this matter. 

The nucleus and its structure were the subject of intense speculation and 
experiment from about 1920 onwards to the present. The result was to show, 
in brief, that the nucleus, instead of being homogeneous, is itself made up of 
smaller particles, charged and uncharged, the number of which naturally 
increases as the complexity of the nucleus increases. Although any dogmatism _ 
on nuclear structure is to be deprecated, it is clear that the two most important 
participating particles are the proton, which carries a positive charge, and the 
neutron, a particle of mass about equal to that of a proton, but carrying no 
charge. 
The structure of the lightest of all atoms, Hydrogen, is very simple. The 
nucleus consists of one proton, and around it there revolves one electron. 
The structure of the next lightest atom, that of Helium, is not so simple, 
though still by no means complex. The nucleus consists of two neutrons and 
two protons, the net positive charge of which is counterbalanced by the unit 
negative charges on the two electrons which revolve around this nucleus. 

Hydrogen and Helium (as indeed all other elements) are therefore built 
up from the same types of atomic particles, with the exception that Hydrogen 
(possibly alone of all the elements) contains no neutrons. The forces which 
hold the various assemblages of nuclear particles together are known, somewhat 
vaguely, as “binding energy.” Present knowledge about these forces is very, 
small; but one is able to establish, by experiment and calculation, that the 
mass of the Helium atom is slightly less than the masses of its constituent 
protons and neutrons, taken separately. This mass-deficiency is a measure of 
the binding energy which combines them together when the nucleus is formed. 
En passant, one may legitimately conclude from this that neutrons and protons 
are unlikely to exist as such inside any nucleus. 

We thus reach this important conclusion: that if Hydrogen nuclei and 
neutrons could be put together to form Helium nuclei, there would be a release 
of energy. Knowing the masses of proton, neutron and Helium nucleus, one 
may calculate the mass-deficiency, and hence, by Einstein’s equivalence 
equation, the theoretical energy-release. It is quite large; in fact it amounts to 


2-7 x 10” ergs per gm. mol. of Helium 
= (roughly) 6-5 x 10° kilocalories per gm. mol. 
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(For comparison, remember that the average heat of combustion is of the 
order of a few hundred kilocalories per gm. mol.) 

Such a synthesis as this has not yet been achieved by Man, though there 
is evidence that it goes on in certain stars. Ultimately it will probably be 
carried out experimentally—but may I here remind you of Prof. Kendall’s 
recent warning, that, if we fail to contrel the process, “‘the result will be heralded 
to the rest of the Universe in the form of a new and exceedingly bright star.” 

We must now examine the case of nuclear fission, which is a release of 
atomic energy under very special and highly wasteful circumstances. 

An infinite variety of nuclear structures is not possible. There is a level 
of complexity beyond which the nuclei are in a permanently unstable condition 
and are spontaneously breaking down into less complex forms, with consequent 
emission .of atomic particles. This phenomenon is known as radioactivity. 
Certain of the heaviest nuclei of all are so unstable that if they are hit by 
particles of a certain energy, they split into two roughly equal parts each of 
which gives rise to an atomic nucleus of a species about half-way down the 
Periodic Table, and very much lighter than the parent nucleus. This process 
is known as nuclear fission; and in the process a few per cent. of the original 
nucleus is dissipated as energy, which fact has been made use of in the atomic 
bomb. 

The elements which, to date, are known to exhibit fission are Uranium, 
Protoactinium, Thorium and Ionium, of which the first and the third occur 
plentifully in Nature and may be looked on as potential sources of atomic power. 
A number of complications ensue here, which will be dealt with one by one. 


Isotopy. 
several alternative nuclear structures of different mass. The positive charges 
on these nuclei are the same, hence the number of electrons revolving round 
the nuclei, and hence the chemixal properties, are alike the same. These 
atomic sub-species are known a. :sotopes. Thus, for example, there exist 
three isotopes of Uranium, respectively 238, 235 and 234 times as heavy as 
Hydrogen; and of these, only the last two are fissile. Now all these isotopes 
occur together in Nature; but the vast bulk, in fact over 99 per cent. of natural © 
Uranium, consists of the 238 isotope, which is not fissile and which must be 
separated from the 235 isotope if the latter is to be used in a process involving 
nuclear fission. Since they are chemically identical, the only way of carrying 
out this separation is to take advantage of the fact that there is a 1 per cent. 
difference in mass between them, and carry out an elaborate process of diffusion 
of one sort or another. Alternatiyely a large mass-spectrograph may be 
used. Either process is expensive and time-consuming. 

It is to be noted here that if ever Thorium is used as a source of atomic 
power, no isotopic separation will need to be carried out, as only one isotope 
of Thorium (Thg3,) occurs in Nature. 

Chain-reaction.—Charged particles (such as electrons or protons) cannot, 
unless of very high energy, perietrate into the nuclei of the elements heavier 
than Potassium. The reason is simple: the inner spaces of the atom are subject 
to intense electric fields arising from the charged particles of which it is made. 
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These fields exert so great an influence on any external particle coming near 
that it is normally prevented from hitting the nucleus. 

This disadvantage does not apply to the neutron, which is uncharged, and - 
therefore unaffected by electric or magnetic fields. It is able to penetrate 
into the nuclei of U,,,, for example, and, if of the right energy, promote fission. 
If its energy is too high, the Ugg; is unaffected; if the energy of the incident 
neutron is low (the so-called ‘‘thermal’’ neutrons), fission results. 

In the process of fission, further neutrons are released from the disinte- 
grating atom. The number of these secondary neutrons varies between two 
and three, but their importance lies in the fact that they may hit surrounding 
Uranium atoms and promote fission, and still further neutron-liberation, in 
these. If the secondary neutrons are of the right energy or can be treated to 
be so, we have the possibility of establishing a self-supporting, cumulative 
chain-reaction. 

This is, in fact, what happens in the atomic bomb. The full details are, 
as yet, known only to few. What is certain is that a chain-reaction is produced, 
as indicated above, in a relatively small weight of material. The reaction 
throughout the mass is virtually instantaneous, and, in consequence of the 
partial conversion of mass into energy, a temperature of some millions of 
degrees Centigrade is attained. The energy released per fission is of the order 
of 200 Mev. 

Critical Size.—A further consideration follows from the above. Given 
a chain reaction as described, it is clear that only some of the secondary neutrons 
formed will react with surrounding U,3, atoms. A large number will escape 
from the reacting mass; and it is clear that the reaction can only sustain itself 
if the number of neutrons escaping in this fashion is less than the number 
reacting with fresh U,;, atoms. 

Suppose the reacting mass of Uranium to be in the shape of a _ sphere. 
From mathematical considerations, the escape of neutrons (a surface effect) 
will depend on the square of the radius of the sphere. The absorption of 
neutrons within the mass (a volume effect) will, however, be proportional to 
‘the cube of the radius. Thus, if the radius of the reacting mass be increased, 
the absorption of neutrons increases as the cube, the surface loss as the square, 
of the radius. Therefore the greater the radius the smaller the proportion of 
neutrons which will escape. Ultimately the point is reached where the number 
of neutrons escaping equals the number reacting: this point is known as the 
critical size, and varies, naturally, for different shapes, also for the degree of 
purity of the fissile isotope, i.e. its freedom from non-fissile isotopes. 

Above the critical size the reaction will “‘go’’; below it, it will not. Con- 
sequently, all that is necessary to produce an atomic explosion is to bring 
together two masses of fissile matter. If each mass separately is slightly 
below critical size the reaction will “go’’ when they are brought together. 

It has been said (by Prof. M. L. E. Oliphant) that the critical size for 
Ugg, in the atomic bomb was “no bigger than a man’s head.” Supposing the 
shape of the mass tobe spherical, this gives a weight of about thirty pounds 
as the possible charge of the bomb. 
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Certain isotopes of the heaviest elements exhibit another phenomenon 
when subject to neutron bombardment. In this, the neutrons are absorbed, 
but fission does not follow. Instead, a heavier isotope of the bombarded 
element is formed. This is unstable, and in process of decaying it emits 
successively two beta-particles (electrons). Each time it does this it forms 
an isotope of the element immediately above it in the Periodic Table. Now, 
Uranium is the heaviest element known in Nature ; and Ug. will absorb neutrons 
in this fashion and with this result. It is clear therefore that the element 
finally produced will be one not found in nature: to it has been given the name 
Plutonium. It is fairly stable and is fissile in the same way as Ug,,. 

The reactions taking place are as follows: 

Uz + nj = + gamma-rays. 
= Nps’ +e ! (Neptunium) 
= + (Plutonium) 
It is interesting here to speculate as to the probable chain of reactions 


taking place if Ths, could be induced to absorb neutrons in this fashion. 
The reactions involved, if analogous to those given above, would then be as 


follows:— 
+ no’ = Thi” 
= + ef (Protoactinium) 
Pas? = UF’ 


If this reaction “‘went,” it would presumably end up with a new isotope 
of Uranium, U,33, which might be valuable as a source of atomic power. 

These neutron-absorbing reactions can themselves be used as a source of 
atomic power; moreover, the liberation. of energy is slow and controllable. 
The apparatus used is called a chain-reacting pile, and its essential principle 
is that the fissile material is mixed with substances, called moderators, which 
have a slowing-down effect on the neutrons, and consequently on the rate 
of absorption. Such moderators are graphite and heavy water (Deuterium 
oxide). These moderators owe their property to the fact that they aré remark- 
ably immune from neutron bombardment, and the neutrons merely lose energy 
by collision with them. 

Another important feature of the pile is the use of materials which absorb 
neutrons strongly without causing fission. Cadmium is such a substance, and 
the use of Cadmium metal, as rods and sheets, will slow down or stop the 
chain-reaction. 

So far, the great difficulties attending the use of piles prevent their applica- 
tion as large-scale sources of energy. For example, the operation temperature 
of a pile cannot be allowed to rise above 100° C., as the corrosion processes 
taking place above that temperature are, at the moment, too great a factor 
to be reckoned with. Secondly, an enormous amount of radiation is liberated 
from every operating pile. All of this has a very dangerous effect on living 
matter, an effect which may be fatal. 

This compressed summary represents what Man has, to date, made of the 
release of. energy from the atom. The question is certainly one which 
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astronauticists should study, because certainly it will sooner or later be possible 
to obtain a controlled liberation of a great deal of energy from a weight of fuel 
almost nil. The Jatter point is all-important, for it is the weight of fuel which 
is one of the great handicaps in interplanetary communication. 

One might also speculate on the use of radiation-pressure. The Sun is 
an atomic-energy machine, and the rate of radiation of energy by it to the 
Earth is 

1-4 x 10° ergs per sq. cm. per sec. 
—not a lot, but if one had a source of radiation-pressure sufficiently close, and 
at sufficiently high a temperature, it might provide an enormous work- . 
potential. Now, the temperature of thie atomic bomb is far hotter than the 
surface of the Sun, and the likélihood is that higher temperatures can and 
will be attained. The implications of this from the radiation-pressure point 
of view will be obvious when we recall Stefan’s Fourth Power law. 

Finally, one must end on a note of caution. As serious potential users, 
astronauticists must take account of the wholly disastrous way in which the 
question of atomic power is being handled at present by world statesmen, 
almost without exception. Their policies of secrecy have bred, in the hour of 
victory over Fascism, distrust and antipathy to a steadily increasing degree. 
Instead of the international co-operation which alone can make atomic power 
into the greatest blessing Man has ever known—instead of this we see scientific 
workers split up, disunited, tied with red-tape and ‘“‘security’’ regulations 
imposed by politicians whose thought processes are the same as if no atomic 
bomb had dropped on an Eastern city on August 5th, 1945. 

This problem is inseparable from the technical one. It is for everyone 
who is interested in the prospects opened up by these new discoveries to force 
world statesmen to choose world co-operation instead of world disaster. 


SOUNDING ROCKET RADIO SONDE 
By A. E. Crawrorp, A.R.Ae.S., A.A.I.E.E. 

The design of a radio sonde for a meteorological sounding rocket can be 
basically similar to the equipment at present used in sounding balloons, with 
certain exceptions. It is proposed to consider briefly the methods used in 
these radio sondes and the factors involved when applied to rocket sounding 
apparatus. 

Design of Transmitter 
The factors affecting the design of the transmitter may be listed as follows :— 
(1) WeriGcHT.—The transmitter must always be considered as being only 
a means for passing on the information obtained by the instruments 
and must be kept as small and light as possible. 
(2) Power Suppty.—The power required, both filament and anode, 
must be kept to a minimum. 
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(3) OPERATION AT Low TEMPERATURE.—The frequency shift at tempera- 
tures as low as — 60 degrees Centigrade should be small. 


(4) OPERATION AT Low PRESSURE.—No voltage should be high enough 
to produce corona difficulties at air pressures of a few millimetres. 


(5) Economy IN MANUFACTURE.—Since a number of these equipments 
may never be recovered due to accidents or due to the rocket falling 
in an inaccessable place, the cost of the apparatus should be kept 
to a minimum. 


The choice of wavelength is governed by a number of factors, such as the 
physical construction of the rocket, the physical size and weight of the resonant 
circuits in the transmitter, the wavelength at which the transmitting valves 
will operate most efficiently and the wavelength assigned for such use. If 
the receiving station is to be portable, the receiving aerial design may also 
have to be considered. 

Owing to the physical layout of the rocket, the most convenient aerial 
would seem to be the vertical half-wave type. Such an aerial is relatively 
simple from a mechanical standpoint and is non-directional in the horizontal 
plane. There is, of course no radiation vertically downward, but the receiving 
station can be arranged at a distance from the launching position, if the rocket 


30° 


Fig. |. Variation of received signal strength 
. with elevation angle to rocket. 


is arranged for vertical ascent. With vertical dipoles at both receiver ard 
transmitter and neglecting ground effect, the received signal strength is given 
by 

E = (k/h) cos* @ sin @ 
where @ is the elevation angle to the rocket and A is the height of the rocket 
over a plane earth. For a constant & the maximum received signal will occur 
when @ = 35 degrees (Fig. 1). 

If steady signals are to be received at the ground station there must be no 
fluctuation in radiated signal as the rocket and transmitter rotate about a 
vertical axis or swing about a horizontal axis due to uneven combustion. The 
effect of rotation will be eliminated by insuring that the vertical aerial is the 
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only radiator. This is difficult to attain at ultra-high frequencies without 
complete shielding of the transmitter. Swinging may give rise to two effects: 
first, the mechanical motion may cause a shift in transmitter frequency, and 
secondly there will be a change in polarisation and signal radiated in the 
direction of the receiver, with a corresponding change in receiver output. 
This can only be eliminated by making sure that all causes of such motions 
are carefully considered and cut to the minimum. 

The fractional change in received signal due to a swing through an angle 
5 on each side of the vertical may be shown to be approximately 2 5 tan 6, where 
6 is the elevation angle. Hence the effect of swinging is more pronounced 
at large elevation angles. 


Practical Layout 

A typical radio sonde transmitter is built round the American valve type 
958. This is an acorn type triode giving an efficient output at frequencies of 
200 megacycles and has also an extremely low battery drain. Its filament is 
rated at 1-25 volts with a current of 0-1 amperes; the rated anode voltage is 
135 volts with a maximum current drain of 3 milliamperes. Since the trans- 
mitter will oniy be operating for a very short time the valve can be considerably 
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Fig. 2. Standard Colpitts’ Oscillator. 


overloaded. The circuit is a standard Colpitts’ oscillator (Fig. 2), and trimmer 
condensers are used for tuning adjustments. The half-wave aerial is attached 
through a short flexible lead directly to the tank coil. In a cosmic ray radio 
sonde, this transmitter has been used with 1-7 volts on the filament and 135 
volts on the plate, as the transmitter is keyed with very short pulses. 

The power supply for the transmitter frequently will contribute the major 
part of the weight of the complete radio sonde. Batteries offer the only 
practical means of supplying this power. Both primary and secondary 
batteries have been used, and during the war a great many advances have been 
made in the technique of small secondary type batteries. 

In some early work with sounding balloons, power was supplied from an 
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-L.T. battery alone with a vibrator and transformer unit for the H.T. supply. 
The modern developments in lightweight H.T. batteries for pocket wireless 
sets have resulted in their use in all recent work. 

It is sometimes necessary to use a high voltage in cosmic ray research and 
then the vibrator offers a satisfactory solution. The complete power supply 
unit is sealed into an airtight box to avoid corona difficulties: As described, 
the complete unit including battery power for three hours’ operation weighs 
650 grams. : 

The Meteorograph 

Generally, measurements required during ascent are those of pressure, 
temperature, and humidity, and these measurements should be taken as often 
as possible during flight. The accuracy of reading should be to 1 per cent. 
in pressure, 0-5 degree centigrade in temperature, and 5 to 10 per cent. in 
relative humidity. 3 

Two basic principles have been used for converting the readings of the 
meteorological elements into modulation of the transmitter. These are:— 


(1) The use of the Olland telemeteorograph principle. 
. (2) Modulation directly by the variations, either mechanical or electrical, 
’ of the meteorological elements, together with some switching mech- 
anism for connecting the elements in sequence to the transmitter. 


o 
o A 


Fig. 3. The Olland telemeteorograph principle. 


The Olland principle is illustrated schematically in Fig. 3. Expansion of 
the aneroid barometer causes the arm A to move in the region between points 
Band C. A contact arm D is turned uniformly by clockwork or motor mech- 
anism and makes contact in turn with B, A and C. At each contact a circuit 
is closed which then operates a relay, or, in this case, completes the plate 
circuit of the transmitter. Thus a signal is radiated for the duration of the 
contact. At the ground station these signals are recorded on a uniformly 
moving tape. The distance on the tape between the signals corresponding 
to contacts B and A will then be a measure of the barometric pressure. Contact 
C will serve as a check on the uniformity of clock speed, or an additional point 
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for measurement in the event of the signal from contact B not being received . 
properly. By inserting additional contact arms into the cycle, controlled by 
a bimetallic strip thermometer and a hair hygrometer, records of temperature 
and relative humidity can be made. 

The United States Weather Bureau use the Diamond-Hinmann meteor- 
graph. This is a good example of the second system. In this case, the various 
elements are designed to produce a change in resistance in an electrical circuit. 
The transmitter is modulated at an audio-frequency which is made a function 
of the circuit resistance, and thus switching the various units into the circuit 
will produce an audio-frequency modulation whose frequency will be a measure 
of the reading. 

When applying these methods to rocket sounding apparatus it must be 
remembered that one vital difference must be considered, namely, the very 
great difference in the time of flight. If recordings are taken on the outward 
journey of the rocket, then the time for recording will probably only be a few 
seconds. The sounding balloon will take as long as 90 minutes to reach a 
height of 70,000 feet. A simple solution to this problem would be to record 
the lower altitude readings on the return journey, that is, after the parachute 
has opened. 

So far, only pressure, temperature and humidity readings have been con- 
sidered, but many other phenomena may require readings: cosmic ray intensity, 
ultra-violet intensity, the sampling of specimens of the upper atmosphere, 
- are but a few of the many possibilities, as well as the various readings that may 
be required in connection with the rocket performance, such as the acceleration, 
fuel consumption and temperature of the rocket chamber. 

It will be seen that the design of such equipment will be one of the major 
tasks to be undertaken before sounding rocket design can be considered com- 
pleted. Without these accurate readings being obtained during the flight, 
the rocket only remains a sensational toy, instead of an outstanding scientific 
tool for the meteorologists and aircraft designers, and contributing a further 
step towards the goal of space navigation. 
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A SURVEY OF LUNAR SURFACE CONDITIONS 
By M. W. ey, G.I.Mecu.E. 


A paper read tothe British Interplanetary Society in London on 
: March 16, 1946 


In an approach to the subject of conditions on the Moon's surface it may 
be of interest to survey briefly the history of man’s progress in this field. 

It is almost certainly true that of all the objects which have excited the 
curiosity and sometimes the worship of the human race in the past, the Moon 
is in the forefront. The Sun, it is true, has also had a huge share of wonder 
and worship, but it has forever appeared in the sky at a time when the practical 
considerations of everyday life excluded all thoughts and speculations as to 
its material nature, leaving most of the interested factions warring over its 
theistic aspects. Inability to stare at the Sun for long periods with the naked 
eye has also tended to force speculation into theistic channels by precluding 
any attempt at detailed observation of its surface. The Moon, on the other . 
hand, has always been easy to look at, and enough of its surface features have 
always been visible to the naked eye to excite speculation. Indeed, the fact 
that it was the most prominent object in the Heavens at night, when men’s 
minds were relaxing, was sufficient to germinate ideas about it. 

Conjectures as to its surface composition were many and fantastic. The 
Moon was thought by some peoples to be edible, as is evident from the Moon 
myths and legends which describe the periodic devouring of the Moon by 
assorted monsters, and its subsequent regrowth—in other words, the waxing 
and waning of the Moon through its phases. Again, the surface of the Moon 
was thought to be crystalline in character, similar to glass; this mirror-like 
surface was thought to reflect the Earth’s features, a notion which received 
support from the fact that the Moon always keeps the same face to the Earth. 
Colourful imaginations conjured up many celestial ‘pictures in the fire.’” The 
Moon’s surface became, in belief, the home of the familiar ““Man in the Moon,” 
who was replaced at various times and places by a lady, a goat, a donkey, 
a dog and numerous other illusions produced by mass-effect. 

The coming of the telescope dispelled the mass-effect of the surface markings 
to some extent; even Galileo, with his first primitive instruments, charted the 
Moon, but, although recognising the existence of the main features, he made 
some unhappy attempts at naming them—hence what is now called “Crater 
Copernicus”’ he called ‘““Mount Etna,” and he described the Maria as “great 
and ancient spots.’’ Further advancement of the telescope revealed the 
Moon’s features as a scene of sublime desolation, the most striking aspect of 
which was the vast number of craters, so varied in size that several broad 
classes are now enumerated. They vary from about 150 miles in diameter 
to sizes beyond that which can be resolved by the most powerful modern 
instrument. Sizes ranging from 60 to 150 miles in diameter have been given 
the name of “Mountain-walled Plains’”—a description enhanced by the fact 
that a human observer deposited in the centre of one of the larger craters of 
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this type would be unable to see the crater walls which surrounded him because 
of the relatively sharp curvature of the Moon’s surface; and again, a good- 
sized telescope shows that the apparently smooth floors of these “Mountain- 
walled Plains” exhibit numerous tiny craters or “Craterlets.”’ Plato, for 
example, is known to have at least 40 of these formations on its floor. ‘‘Tiny”’ 
is, of course, a relative term; thus the Great Meteor Crater in Arizona, which 
is about 3 miles in circumference, would be classed as a rather small “‘craterlet” 
if observed on the Moon. Sizes ranging from approximately 10 to 60 miles 
in diameter are known as ‘“Mountain-Ringed Plains’ or “‘Ring-Mountains,”’ 
and a third type known as “Crater Rings” are about 3 to 10 miles in diameter. 
Still smaller formations of this kind comprise the type previously mentioned 
in connection with ‘‘Mountain-walled Plains’’—the ‘‘Craterlets.”’ 

Kepler noted the amazing similarity of these circular formations and 
regarded them as pits excavated by supposed Lunar inhabitants to shelter 
themselves from the long and intense action of the Sun. Had he known the 
real size of the Moon and the enormous diameters of some of the craters, he 
would probably have thought twice about his hypothesis! Some authorities 
class the largest of the ‘‘Mountain-walled Plains’ as small ‘‘Maria” (sing. 
“‘Mare’’), a name given to vast dark areas which, as the name implies, were 
once thought to be seas, and flowery names like “Mare Serenitatis” (Sea of 
Serenity) were given to them. Subsequent investigations proved that the 
Moon totally lacked atmosphere and hence could not retain surface water. 

Considering the surface of the Moon as a landing place for space craft, 
it will be interesting to examine the various aspects which would present 
themselves to an astronaut during the latter portion of his orbit. 

The approach to the Moon would soon enable him to distinguish the larger 
craters and the more rugged of the mountain ranges, until, a few thousand 
miles above the surface, the scene would resolve itself into masses of pockmarks 
vastly blotched by the apparently smooth, dark expanses of the ‘Maria.’ 
He would notice the haphazard confusion of craters, peaks, rills and rifts. 
Approaching even closer, it would become apparent that the ‘“‘Maria” were 
not as smooth as they would at first appear; in fact there are numberless pits, 
so small as to merge in with the general surface so that they become visible 
only when extremely close observation is possible. At a point in the orbit 
where landing is to take place, the full effect of the starkly naked appearance 
of the rugged landscape would be observed—an effect one might expect to 
see if all the soil, vegetable growth and snow were to be stripped from the 
tableland of Tibet. 

We will assume that the ship is that of a scientific expedition. That being. 
the case, the point chosen for landing would most probably be one from which 
short journeys in various directions would bring the scientist in contact with 
the most varied examples of Lunar topography. Such a point on the visible 
side of the Moon is between the craters Aristillus and Archimedes, and the 
central section of the Apennine Range. In such a position the expedition would 
have two distinct types of crater in Archimedes and Aristillus together with a 
portion of the “Mare” surface and an example of the peculiarly rugged type 
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The region of the Moon's surface suggested by Mr. M. W. Wholey as the most suitable site 
for the landing of a scientific expedition. The large crater just below the centre is Archimedes. 
with Autolycus and Aristillus (below) on its left. The Apennines cross the 7 half of the 


picture — leading to Eratosthenes in the upper right-hand corner. “rill” is seen 
at their foot. the smaller craters, Timocharis is near the centre of the right edge and 
Theotetus in the left bottom corner. South is at the top and north at the bottom. 

This realistic picture is actually the photograph of a model made by the late James Nasmyth 
and J. Carpenter to illustrate their book ‘‘The Moon.” 


[Reproduced by permission of Messrs. John Murray. 


ae , A SURVEY OF LUNAR SURFACE CONDITIONS 15 
ise 
e 


16 M. W. WHOLEY 


of mountain formation characteristic of the Moon. Light also may be shed 
on one of the Moon’s many problems by visiting the “‘rill’’ or furrow which can 
be seen to run almost parallel to the Apennines at that part of the range. By 
examining this location a fairly general picture of the surface characteristics 
will be obtained. 

Assuming that the landing has taken place during the Lunar day, the 
first effect on climbing down to the ground would be the amazing sense of 
lightness, as one would only be supporting a sixth of one’s terrestial weight. 
Probably the next things observed would be the intense shadows, the blinding 
glare from the ground, the intense black sky with its coldly brilliant, stars, and 
the unbearably bright sun exhibiting its prominences and its corona in all 
their full glory. All this because of the lack of atmosphere. The horizon 
would appear very close at hand because of the much greater curvature of the 
Moon. Smooth as did the “Mare” appear from above the surface, it would 
now seem almost impassable. Where the ground was fairly flat it would most 
probably be a mixture of dust and gravel composed of light materials such as 
porous rock. Small pits and craters from a few inches in diameter to several 

-feet would be abundant. This is evident from the way in which the sunlight 
is reflected at various angles and substantiated by recent experiments on 
‘the polarisation of reflected light from the Moon. Possibly, as the scientist 
was standing there, a small puff of dust would remind him of the continuous 
shower of meteorites which rains, unchecked by atmosphere, on to the ashy 
surface, adding continuously to the-mass of small pits already there; and also 
perhaps of his own vulnerability, considering that an average speed of a 
meteorite is somewhere in the region of 30 miles per second! Due to exfoliation, 
the rocks and boulders of the Moon are most probably crumbly, and rock 
surfaces may easily flake away under the pressure of our scientist’s boot. 

There is much evidence that these “plains” were once in the plastic state 
and, if the scientist were to strike away from the ship towards the foot of the 
Apennines, he is almost certain to come across numerous clefts along the 
margin of the “Mare,”’ apparently caused by the shrinking of the surface crust 
as it cooled. The huge “‘rill’’ (one of the several hundred to be found in various 
parts of the Moon), which is parallel to the Appenines, S.E. of the craters and 
the supposed expedition, is most probably formed in this way, helped, perhaps, 
by the raising of the adjacent mountains at the same geological age. This 
crack will now almost certainly be filled or partly filled by solidified lava. 
In places the lava “‘plug’”’ may have been forced up above the surface during 
subsequent moon-quakes much as a plug of lava is sometimes forced from an 
old voleano—as happened in the early stages of the Krakatoa eruption. If 
this is the case, the ridge, which can be seen to follow the “‘rill’’ southward 
on its path alongside the Apennines, may indicate a continuation of the “‘rill’’ 
in the form of a sawback of lava. The appearance, then, of this ridge to our 
scientist would be the brown-black of a rock of the igneous type, oe 
a basalt. 

Exfoliation by expansion and contraction due to changes in temperature 
from day to night conditions is likely to be small, because although the 
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temperature change is extreme—from about 214° F. at noon to — 243° F. at 
midnight—it takes place very slowly. 

However, coupled with the flaking caused by the quick changes of tempera- 
ture during eclipses of the Moon—on one observed occasion it fell from 160° F. 
to — 110° F. in about an hour—an extensive system of talus slopes or rock 
slides is almost sure to be present on the flanks of the ridge and adjacent slopes 
of the Apennines. In fact, owing to the absence of all other types of erosion, 
the meteoric dust and flaky gravel will lie thickly wherever gravity allows. 
With not even sound waves to stir the deposits, the only disturbance other 
than exfoliation will be the occasional tiny tremor of an impinging meteor 
or meteorite. Meteor scars will be numerous even on the vertical sides of the 
rocks as dark burn marks where the flying fragments have liquified under 
terrific generation of heat, or possibly as long scars of lighter colour than the 
parent rock. 

Travelling on foot even with less gravity would be extremely difficult and, 
owing to the danger of becoming buried by the lightly balanced slopes of talus, 
impossible in some places. In fact, some form of light frame, akin to a wide, 
elongated snow-shoe, constructed of light-alloy tubing and steel mesh, to 
distribute the traveller's weight over a large area, would probably be needed 
to skirt such patches. 

It is interesting to note that, if it is established that ecliptic changes of 
temperature are the chief cause of erosion on the Moon, then it follows that 
the visible side will be more rugged and dusty than the hemisphere which is 
away from us, because it is only the near side which is subjected to eclipse by 
the Earth, and thus the unseen side would be affected only by the day and 
night temperature changes. 

On the rocky heights of the Apennines only the varying types of. rocks will 
change the colour of the landscape. No soil formations of any type will be 
present, as soil depends on fluid erosion for its formation, and hence the passage 
of a climber would be characterised only by clouds of dust and slow falls of 
shale and rock slivers, which to an outside observer would appear to drop and 
settle with curious slowness. If the protective suit of the climber conducts, 
very slightly, big changes in temperature, such changes would be noted with 
surprising abruptness when passing from the sunlight into the shadow cast 
by a rock. This phenomenon has been measured by a Vacuum Thermocouple 
with subsidiary instruments, using the principle that the maximum energy 
of sunlight is in the visible spectrum and hence any infra-red emanation 
observed is an indication and measure of the surface temperature of the body 
in question. This proves that the surface of the Moon is extensively covered 
by an extremely non-conductive material, and laboratory tests suggest that the 
most likely material, which obeys the observed thermo-dynamic and optical 
evidence collected, is a mixture of porous rocks resembling pumice and pulver- 
ised rock. The low albedo or reflecting power of the Moon—about 7 per cent. 
—coupled with the evidence that its reflected light is yellowish and reddish 
compared with direct sunlight, generally suggests that dark brown rocks are 
most abundant in the crater formations and mountains. It follows that the 
dust must be of coarse structure because fine dust has a high albedo. 
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Much of the porosity of the surface materials is probably due to small 
bubbles of sub-surface gases which forced the molten materials upwards to 
form the extensive “Maria.”” Evidence that these were formed after most of 
the craters had come into existence is to be seen in the type of crater character- 
ised by Archimedes. This crater formation is found on the outer limits of 
most of the “Maria” and by comparison with normal formations such as 
Aristillus, it intimates that they, too, were once normal but were subsequently 
filled by molten material up to the level of the surrounding ‘‘Maria’’ whose 
comparatively smooth and uninterrupted surfaces complete the evidence that 
most of the crater-creating phase was over at the time of the volcanic flooding. 

Following our scientist away from the rugged desolation of the Apennines, 
northward to the crater of Aristillus, we would find its approaches extremely 
difficult to surmount, being a hodge-podge of crevices, crags and shattered 
rock, much of it showing signs of subjection to great heat. Being of the 
school of meteoric origin of the craters, it is the writer’s opinion that the evidence 
of lava only in the crater rims of most of the craters is direct evidence of such 
an origin, and that the “‘lava”’ is in fact not lava in a volcanic sense, but surface 
rocks liquified by the heat generated in meteoric impact. 

Climbing the riven walls of the crater, it would be found that the slope of 
the wall was much steeper on the inside of the crater than the outside, and a 
comparison between the floor of the crater and the surface outside would show 
that the floor was much the lower. Furthermore, far out in the centre of the 
floor a group of sharp peaks, not quite so high as the walls, project themselves. 
Such are the characteristics of the majority of the craters. Such types as the 
“level floored craters,’’ craters with no centre peaks, and a few others can be 
regarded as exceptions to the general rule. The number of the exceptions, 
it is true, is large, but then, there are so many ways in which modifications 
to structure could have occurred after their formation in the early stages of 
the moulding of the Lunar topography, that this objection is, in the main, 
neutralised. 

The characteristic crater shape outlined above can be reproduced perfectly 
by firing a rifle at any angle into fairly soft mud or by firing a shotgun at close 
range in the same way, so that the shots remain bunched together. 

The crater floor would be found to be covered with shattered rock, some of 
it from fairly déep strata, and huge quantities of “rock flour” which is the 
probable cause of the local increase of albedo noted in some craters, and may 
be the key to the solution of the problem of the peculiar “‘rays’’ which emanate 
from some of the larger craters, Tycho in particular. It is observed that these 
“rays” cast no shadow whatever the direction of the Sun’s rays, and are 
unimpeded by crater or mountain in their radial path from their parent crater. 
From evidence at hand, the simplest explanation is that the “‘rays’’ are com- 
posed of “rock flour’’ mixed with somewhat coarser material, the mixture 
having been flung out of the impact centre in the same way a pile of flour is 
scattered when a marble is dropped upon it. The terrific impact and the low 
gravity explain the immense distances covered by these “rays.’’ The rim 
of the crater Archimedes would have all the characteristics found in that of 
Aristillus, but its floor would have the appearance of a small Mare. 
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A group of lunar mountains, modelled b J —— and J. Carpenter, to illustrate an 
“‘Ideal Lunar Landscape’’ in their book ‘‘The 
permission of Messrs. John Murray. 


A survey of the Lunar surface conditions would not be complete if mention 
were not made of the temperature gradient on the crust. It ranges from 
214° F. at the noon zenith, nearest the Sun, to under — 58° F. at the terminator. 
A fairly constant temperature of — 243° F. is recorded on the night side. 
To obtain a more complete record of the temperature gradient on the sunlit 
side, imagine the Moon in its first or last quarter when half the visible side of 
the Moon is sunlit, then divide the bright portion into six longitudinal sections 
of approximately the same width except for the first, which just slices off the 
Moon’s bright zenith. Then the approximate temperatures on the surface 
of each of these sections thus formed, starting with the bright zenith and ending 
with that bounded by the terminator, are: 214° F., 194° F., 140° F., 86° F., 
32° F. and minus 58° F. 

So multitudinous and varied are the individual features of the Moon’s 
surface that a full description of them could fill many volumes and such a 
task is obviously not within the scope of this short survey, but in conclusion 
it may be of ‘interest to mention a few of the more outstanding mdividual 
peculiarities. One interesting Lunar formation is the “Straight Wall,” some 
70 miles in length, in the S.E. corner of Mare Nubium, north of Tycho. It 
is shown to be a cliff or wall 1,000 to 2,000 feet in height, its sheer face clearly 
due to its origin as a rock fault, where one edge has risen above the other. 
Similar faults on a much smaller scale are found, on Earth, to be the foci of 
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earthquakes. Another phenomenon is the “crater pit,’’ which differs from the 
“craterlet”’ by its lack of an elevated rim to the crater. It is very small 
compared with most formations but is quite common on the Moon’s surface. 
A system of these can be seen east of Crater Copernicus. 

We have already mentioned the queer “‘rays’”’ which flare from many of 
the large craters but it is interesting to consider an additional point. The 
presence of the ‘‘rays’’ attached to some craters and not to others, even though 
the structure of the crater may be the same but for that, can perhaps be 
explained by one Selenologist who has a theory that such craters can only be 
formed by metallic meteorites and suggests that the bright “rays’’ are areas 
covered by tiny spheres of shining metal—metal that has been vapourised by 
the impact and condensed into millions of tiny spheres. A geologist has 
recently substantiated this theory by discovering millions of tiny iron pellets 
in the soil about a meteoric crater near Haviland, Kiowa County, Kansas, 
U.S.A. Analytical tests prove the pellets are composed of meteoric iron 
alloyed with nickel. 

A final peculiar formation is found in the discovery of a dark spot near the 
Crater Aristarchus while photographing with ultra-violet light-sensitive plates. 
It was found that the patch did not appear on plates sensitive to orange light, 
and subsequent experiments led to a conclusion that this large dark spot 
was an extensive deposit of sulphur. 

A short survey of the surface conditions of the Moon, such as this, can 
touch only on the main points of the subject, and many tomes would be needed 
to hold all the evidence and experimental results which have led to the 
numberless theories of the Moon’s composition. It is true to say that confirma- 
tion of any one theory with scientific certainty will only be possible when the 
first expedition steps from its vessel on to that enigmatical crust, and that 
time is not far distant! 
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REVIEWS 
Weather: A Monthly Magazine for all interested in Meteorology. Royal 


' Meteorological Society, 49, Cromwell Road, London, S.W.7. 1s. 6d. monthly 


(18s. per year, post free). 

This new magazine, though more popular in style than the same Society’s 
Quarterly Journal, nevertheless maintains a high scientific standard. The 
first two numbers include articles dealing with the uppermost portion of the 
atmosphere—that borderland between Meteorology and Astronomy. 

In the May issue James Paton summarises present knowledge about the 
Aurora Borealis, but has to admit that no completely satisfactory theory of its 
cause has yet been proposed. Spectroscopic examination of auroral light 
shows that both molecular and atomic nitrogen exist in the high atmosphere, 
but only atomic oxygen. The author quotes Vergard’s estimate, from the 
relative intensity of spectral lines in a particular band, that the air temperature 
between 110 and 150 kilometres altitude is of the order of 240° Absolute 
(—30° F.). Another source of information is the broadening of spectral lines 
due to Doppler effect of the heat motion of the atoms; thus the same worker 
deduces from the constant width of the oxygen line 5577 that the temperature 
does not change between 100 and 300 kilometres. 

In the June issue, G. M. B. Dobson partially contradicts this estimate, 
stating that at times the temperature appears to be very high in the Appleton 
or “F” region between 200 and 400 km., where, he suggests, according to his 
diagram, it may rise well above 600° C. The question is of importance because 
the heat developed by the passage of a projectile at supersonic speed is very 
much dependent on the temperature of the surrounding air; for instance, the 
high temperatures at around 70 km. are believed to determine the height at 
which meteors become incandescent. 

This hot layer, by the way, was first discovered by its action in bending 
sound waves back to earth; but, unfortunately, as Dr. Dobson explains, above 
it the sound is diverted upwards because of the colder air and so yields us no 
further information. Radio sondes normally reach 20 to 25 km. and exception- 
ally 30 km.; but, he prophesies, ‘in the future, instruments may be carried to 
much greater heights with rockets.” Above 400 km., adds the author, there 
are no atmospheric phenomena except for abnormal aurorae, ‘‘so that we may 
take this as being the effective top of the atmosphere, though, of course, there 
is no definite limit.” 

The same issue has an article by A. W. Brewer giving a full explaration of 
the condensation trails formed behind aircraft; it will give the reader a clue 
whether such trails are likely to be formed by any other craft whose products 
of fuel combustion include water vapour. The formation or absence of a trail 
depends partly on the degree of saturation or super-saturation of the air with 
respect to ice, and partly on a delicate balance between the amount of heat 
engendered (which lowers the relative humidity of the air) and the amount of 
water vapour added by the aircraft (which increases it). 

A. E.S. 
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Of Ants and Men. By Caryl P. Haskins, Ph.D. George Allen & Unwin, 
1945. Price 12s. 6d. 


The author of this fascinating book is probably unaware that its implications | 
extend beyond the confines of the Earth to planetary biology in general. 

The social organisation of ants has often enough been compared to that of 
the human species, but usually with the proviso that any fancied resemblances 
‘are but superficial. Dr. Haskins disagrees with this view; he emphasises the 
close parallels between the social lives of ants and men in such a way as to 
suggest they are fundamental to the evolution of communal life among animals 
of any kind. 

Man differs conspicuously from the ants in that he belongs to a single species 
with very little anatomical or physiological differences between its members; 
_ the evolution of his social institutions has taken only a few thousand years 

compared with the ants’ millions; and, most striking of all, his brain is funda- 
mentally different from that of the ant in both structure and function; in fact, 
ants and men might well have evolved upon different planets. Yet even if they 
had, one feels after reading this book, they would inevitably have organised 
themselves socially on the same general pattern. They simply cannot help it- 
_ That is the interplanetary lesson that the book teaches. 
A.E.S. 


ABSTRACTS 


Extracted from Chemical and Engineering News, Vol. 23, No. 17, 10.9.45. 
Published by the American Chemical Society. 


ROCKET PROPULSION CHEMICALS 


A considerable number of chemical systems were studied for use in the- 
propulsion of rockets. Selection of the chemicals was made very largely on 
the ground of availability rather than desirability. Each system had two- 
main constituents, an oxidising agent and a fuel. The constituents reacted 
chemically in a combustion chamber at 30 to 40 atmospheres’ pressure. The- 
products of combustion drove the rocket by passing out through a jet. 

The principal oxidising agents considered were: 90 to 100 per cent. nitric: 
acid, which was found to be too corrosive; 90 to 100 per cent. nitric acid with 
5 to 10 strong sulphuric acid added ; liquid oxygen, which was difficult to handle ;. 
80 to 85 per cent. hydrogen peroxide with or without sodium or calcium 
permanganate; and ammonium nitrate. 

The principal fuels considered were methanol, ethanol, hydrazine hydrate,. 
hydrazine hydrate plus methanol, 57 per cent. m-xylinidine plus 47 per cent.. 
triethylamine, 8-hydroxyquinoline, furfuryl alcohol, vinyl ethyl ether, gasoline, 
Diesel oil, Optol (a hydrogenated lignite tar fraction), and Ergol (a mixture: 
of Optol, tetrahydrofuran, furfuryl alcohol, and aniline). 
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A few monofuel systems were also studied. These included 65 to 85 per 
cent. methyl nitrate in methanol, ammonium nitrate plus ammonia, ammonia 
and nitrous oxide, and tetranitromethane plus a solution of 8-hydroxyquinoline 
in 80 to 85 per cent. hydrogen peroxide. None of these was ever developed 
to the point of large-scale application, some being too dangerous and some 
unavailable under war conditions. The first mixture above was considered 
the most promising. 


Most of the rockets actually used were propelled either by a combination 
of liquid oxygen and methanol or ethanol, or by mixed acid (5 to 10 per cent. 
H,SO, plus 95 to 90 per cent. HNO,) with an oxidisable substance. In the 
case of the V2 rocket, the starting cycle was in three steps. First, permanganate 
reacted with hydrogen peroxide, giving superheated steam which drove a 
turbine connected to the pumps. The pumps delivered hydrogen peroxide 
and hydrazine hydrate in methanol solution to the combustion chamber, where 
an instantaneous, strongly exothermic reaction occurred. When the reaction 
chamber became hot enough, the permanganate and peroxide shut off auto- 
matically and the rocket drive was taken over by the liquid oxygen-alcohol 
combination. The system was also used, in principle, in experimental tor- 
pedoes and was engine-tested for the trackless propulsion of submarines at 
high speed under water. 


In connection with the rocket programme, the most important of the 
chemicals produced on a large scale for the first time was concentrated hydrogen 
peroxide. The usual 30 to 35 per cent. commercial solutions made by the 
potassium persulphate, ammonium persulphate, and persulphuric acid processes 
were brought up to 82 to 85 per cent. strength by vacuum concentrations in 
two stages. In the first, the solution was vapourised continuously from a 
retort maintained at 73 per cent. concentration and the vapours, after passing 
through a separator, were fractionally condensed in a scrubbing tower as a 65 
per cent. product. This 65 per cent. product was then fed into a second retort, 
which was maintained at 80 to 85 per cent. The vapours were again fraction- 
ally condensed and the condensate was returned to the retort, from which the 
finished product overflowed. If especially pure solution was required, the 
product was drawn off the bottom of the scrubber. The acidity was adjusted 
with phosphoric acid. The product was of very high purity and stability. 
One plant had a capacity of 500 metric tons per month; a second plant had a 
capacity of 1,200 tons per month; a third plant was under construction with a 
projected capacity of 2,100 tons. 


Two non-electrolytic processes were being investigated because of the 
shortage of platinum and stainless steel. One was based on the passage of 
H, plus O, through a silent electrical discharge. The other was based on the 
reduction of 2-ethyl anthraquinone to 2-ethyl hydroanthraquinone by H, 
followed by oxidation to 2-ethyl anthraquinone and H,O,. Pilot plants had 
been operated on both processes, and a large plant for the 2-ethylanthraquinone 
process was under construction in spite of explosion hazards encountered in 
the pilot plant. 
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[Extracted from Chemical and Engineering News, Vol. 23, No. 18, 25.9.45 
Published by the American Chemical Society.] 
CONCENTRATED HYDROGEN PEROXIDE 
L. M. Wuite, Niagara Falls, N.Y. 


While the American chemical industry ranks ahead of the German in the 
applications of chemistry to peacetime objectives, the Germans did bring out 
some new developments for war purposes. One of the most important was 
concentrated hydrogen peroxide. High-strength hydrogen peroxide solutions 
have long been known in the laboratory, but their large-scale production had 
never been carried out because of the absence of peacetime uses and the hazards 
of instability. 

The Germans in 1934 began the development of military devices which 
required the use of high-strength hydrogen peroxide solutions, alone or with 
fuels, for the generation of power: rockets, V1 and V2 bombs, submarine 
engines, torpedoes, and starting auxiliaries for airplanes. Some of these might 
have had a decisive effect upon the outcome of the war if Allied bombing had 
not so effectively retarded their development and production and reduced the 
numbers available. 

By 1938 progress in the utilisation of peroxide and in its pilot-plant 
production justified construction of the first unit of a very large plant. Between 
early 1939 and the close of hostilities the production capacity of Germany for 
concentrated hydrogen peroxide was continuously increased, and. at the peak 
was many times the equivalent production of the rest of the world. Much. 
greater capacity was under construction but never completed. All this work 
on production and use was classified as a top military secret and elaborate 
precautions were taken to prevent leakage of information. All the evidence 
indicates the extraordinary importance attached by the Germans to concen- 
trated hydrogen peroxide as a war chemical. 

The process of manufacture in the above plant consisted in the ¢éonventional. 
electrolysis of ammonium bisulphate to produce ammonium persulphate,. 
followed by conversion of the ammonium persulphate to potassium persulphate, 
which was separated from the electrolyte. The potassium persulphate was. 
hydrolysed with steam to produce 30 to 40 per cent. hydrogen peroxide, all 
of which is well known in the industry. The new development was the con- 
centration of the usual 30 to 40 per cent. solution to 82 to 85 per cent., which 
was carried out in special equipment to yield a product of very high purity 
and stability. (See Chem. Eng. News, 23, 1519 (1945) for description of process.) 
It was these characteristics of the product that made it useful for military 
purposes. 

The German experience, which constitutes a demonstration that con- 
centrated solutions of hydrogen peroxide of high quality can be manufactured. 
and used successfully and are of extraordinary importance for war purposes, 
indicates that this material may also prove to be a valuable new chemical. 
tool in times of peace. 
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THE BRITISH INTERPLANETARY SOCIETY 
(LIMITED BY GUARANTEE) 


A company has been registered under the above title, thus providing 
the Society with an effective legal entity. It now has rights at law to protect 
its interests as a body, and at the same time it has assumed a form which is 
intended to protect its members from any irregularity. 

Although it is intended to maintain the tradition and activities of the 
Society, it has been necessary to express the rules of the Society’s management 
more precisely, in some particulars, to conform with the requirements of the 
law in respect of Public Companies. 

The aims and purpose of the Society remain the same, but the scope and 
authority of the Society as a representative body have been enhanced by the 
fusion under the'same name of the Combined British Astronautical Societies 
(the title adopted during the war for the joint organisation embracing the 
Astronautical Development Society and the Manchester Astronautical 
Association). The executive of the three Societies have co-operated in the 
formation of the new Society, and have incorporated in its Memorandum and 
Articles of Association all the features which have, in their past experience, 
proved effective and desirable. 

Members are requested to familiarise themselves with the following extracts 
from the Memorandum and Articles of Association, which are offered as an 
understandable summary of the complete documents which were deposited at 
the time of the registration of the Society. Copies of these documents may be 
inspected, as they are public documents, but only those with adequate legal 
knowledge would find them worth while perusing in full. It was decided that 
the interests of the members would best be served by publishing this summary, 
to enable members to get a clear picture of the general structure, rather than 
overwhelm them with the full details. 

Roughly, the Constitution of the Society may be divided into three main 
sections, which are called, firstly, the Memorandum of Association, secondly, 
the Articles of Association, and thirdly, the Bye-laws. 


Memorandum of Association 

This is the first of the three sections, and is intended ret express with 
complete legal precision all that the Society wishes to do now or at any time 
in the forseeable future. Anything that is not provided for in this section 
cannot legally be done by the Society. 

Consequently, the provisions of this section have been very carefully 
considered, and the various clauses are designed to provide also for many 
things which the Society may not contemplate as immediate possibilities, 
but may find essential to do some time in the future. 

Among those things which are specifically mentioned are the following :— 


(1) To promote research into all branches of Science which may have any 
bearing on the development of transport and communication both in regard to 
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movement on the surface at the Earth, and from the surface to any other 

point on the Earth or in Space, and to conduct experiments for this purpose. 
(2) To hold meetings for the discussion of scientific. subjects, to hold and 

promote Exhibitions and Competitions and to make awards and prizes. 


(3) To publish journals, papers, works, treatises, and literature containing 
reports of the proceedings of the Society and other information of interest to 
the members generally. 

(4) To acquire premises, funds and equipment, to employ servants or agents, 
to carry out financial operations; to acquire leases, patents, licences and rights 
of all kinds as may be necessary for the achievement of the Society’s aims. 


(5) To promote or support new legislation, or alteration to existing laws 
affecting the Society’s interests. To provide a fund for affording members 
legal assistance and advice in connection with their researches and experiments, 
as far as may be done within the law. 


(6) To affiliate with other bodies, British or Foreign, and to form other 
bodies, control or acquire rights in other Companies and to enter into contracts 
or negotiations with Governments or other authorities. 

It is also specifically stated that :— 

“*...the income and property of the Society, whensoever derived, shall be 
applied solely to the promotion of the objects of the Society as set forth in this 
Memorandum of Association, and no portion thereof shall be paid or transferred, 
directly or indirectly, by way of dividend or bonus, or otherwise howsoever 
by way of profit, to the Members of the Society; provided that nothing herein 
shall prevent the payment in good faith of:— 
“(a) A reasonable and proper remuneration to any officer, servant, or 
Member of the Society, in return for services actually rendered to 
the Society. 


““(b) Interest at a rate not exceeding five per centum per annum on money 
lent to the Society. 


“(c) A reasonable and proper rent for any premises demised or let by 
any member to the Society. 


“(d) Out of pocket Pes Pe incurred by Members on behalf of the 
Society.” 


“The Liability of Members is Limited. yi 
“Every Member of the Society undertakes to contribute to the assets of 
the Society in the event of its being wound up while he is still a member, or 
within one year afterwards, for payment of debts and liabilities of the Society 
contracted before he ceases to be a member, and the costs, charges, and expenses 
of winding up, and for the adjustment of the rights of the Contributories among 
themselves, such as may be required, not exceeding one guinea.” 


Articles of Association 
- The second part of the Constitution, under this title, lays down in gieeed 
terms the regulations concerning the internal conduct or management of the 
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Society. It forms the basis for conducting the affairs of the Society, but its 
regulations may be amplified from time to time in the Bye-Laws. 

Members must undertake to observe the provisions of the Memorandum 
and Articles of Association and the Regulations of the Society contained in the 
Bye-Laws for the time being in force. 

After a preliminary paragraph the Articles define membership thus:— 
*“«_..(2) The Subscribers to the Memorandum of Association and such other 
persons as the Members’ Committee (hereinafter referred to as ‘the Committee’) 
shall admit to membership, shall be Members of the Society.” 

..(4) Every Member is entitled, without payment, to one certificate of 
Membership, under the Seal of the Society, which shall be delivered to each 
member within two months of his election to Membership. 

“‘(5) The Society shall consist of the undermentioned Members :— 

“(a) HonorRARY FELLOws. Election to Honorary Fellowship shall be 
an honour bestowable by a three-quarters majority of the Council. 
A member must be proposed for Honorary ee by at least 
two other Members. 

““(b) FELLows. This shall be open to those members qualified to assist 
in research. Members assisting in research or experiments, con- 
trolled, supervised, or conducted under the auspices or on behalf of 
the Society, or sitting on committees governing these matters, 
must be Fellows. Fellows shall be elected by a majority of the 
Council, on the application of the Member. Fellows shall pay an 
annual subscription of one guinea. 


“(c) ORDINARY MEMBERS, who shall pay an annual subscription of 


} one pound. 
“(d) AssociaTEs, who shall pay an annual subscription of ten shillings 


(6) All new members shall pay an entrance fee of five shillings. 


“(7) Subscriptions shall be payable annually, on the first day of January 
in each year. 

““(8) Any Member being more than twelve months in arrears with sub- 
scriptions shall be deemed as having resigned, without prejudice to any claim 
by the Society for any amount due. The Committee shall have power at their 
discretion to reinstate any Member on such terms as they may deem fit. 


“(9) Membership shall be open to any person elected by the Committee 
and shall entitle the Holder to be present at, and, except in the case of 
Associates, to vote at all General Meetings, and to receive all publications of 
the Society.” 

Article (10) states that a Member may commute payments at a specified 
rate, and become a life member. The next Article states that membership 
is non-transferable, and the concluding Article provides that membership 
may be rescinded by the unanimous vote of the Committee, Members having 
the right of receiving notice and stating their case. 
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The appointment of the Council is next dealt with in Articles 13 and 14. 
The appointment of the Council takes place at the first and each succeeding 
Annual General Meeting. Until the appointment of a Council by the Members 
in the first General Meeting, the affairs of the Society are administered by the 
signatories to the Memorandum, in a temporary capacity. 

Those who are willing to be nominated for office in any of the succeeding 
positions should communicate at once with the General Secretary, to that 
effect, so that their names may be placed before the Members in good time for 
the first Annual General Meeting, which will be arranged as soon as is con- 
venient. 

The Officers of the Society to be appointed are as follows (Article 15) :— 

(a) PRESIDENT, who shall preside over all activities of the Society. He 

shall be Chairman of all meetings at which he is present, except, 
a meeting of the Members‘ Committee, where the Members’ Repre- 
sentative is present. : 

(0) VickE-PRESIDENTS may be elected to assist the President in the execu- 
tion of his duties. 

(c) REsEARCH DrREcToR, who shall organise and supervise research and 
the technical development of the Society’s projects. 

(d) LIBRARIAN, who shall be responsible for the safe custody of the 
literature and records of the Society and shall collect and collate 
information which may be of use to the Society, and shall prepare 
and keep lists of publications, and shall assist Members requiring 
information. 

Pusticrry Director, who shali be responsible for publicity on behalf 

of the Society, and the Editorship of the publications of the Society. 

(f) SECRETARY, who shall organise Meetings, and prepare minutes thereof. 
He shall also make and receive communications on behalf of the 
Society; and be responsible for the monies, books and accounts of the 
Society.. Assistant Secretaries may be appointed by the Council 
to assist. the Secretary in the execution of his duties. 

(g) MEMBERS’ REPRESENTATIVE, who shall act in liaison on all matters 
between individual Members and the Council. 

(16) Provides that the Society may reduce or increase the number of the 
Council by the creation or extinction of any office. : 

Articles 17, 18 and 19 deal with the formalities of meetings and are in 
conformity with normal practice. 

Article 20 states that :— 

Any Member may offer himself for election to the Council or Committee, such 
election to be decided by poll except in the case of Casual Vacancies, which 
may be filled as decided by the majority of either body. 

Articles 21, 22, 23 and 24, define the relations of the Council with the 
Society and are standard procedure for Councils of Management. 
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_ (25) Unless and until the Society in General Meeting shall otherwise 
determine, the Committee shall consist of five Members elected by 
the Members at each General Meeting to hold office until the next 
General Meeting. 

(26) The Chairman of the Committee shall be the Members’ Represent- 
ative. 

27, 28 and 29, are normal clauses governing the decisions of the Members’ 


Committee. 


Branches 
(30) Any seven members in one place may, subject to the sanction of the 
Council, form a branch, and elect a BRANCH CHAIRMAN to act within 
' the limits imposed by the Committee. 


Meetings 

(31) An ANNUAL GENERAL MEETING shall be held once in every calendar 
Year, at such time (not being more than fifteen months after the 
holding of the last preceding Annual General Meeting) and place as 
may be prescribed by the Council, to receive the report of the Council 
and Auditors, and for the election of Auditors and Officers of the 
- Council in place of those retiring. In default of a General Meeting 
being so held, a General Meeting shall be held in the month next 
following, and may be convened by any two members, in the same 
manner as nearly as possible as that in which the Meetings are to be 

convened by the Council. 


Articles 32 to 41 specify the manner of conducting meetings and the method 
of giving notice, and empower the Council to convene Special General Meetings 
to hear progress reports, lectures, discussions and matters of general interest. 
It is intended that these will be held each month. 


Article 42 states: 
“Each Member shall be at liberty to introduce visitors at General Meetings, 
subject to the permission of the Chairman of the Meeting.” 


Article 43 states: 
“Any Member may vote for or against a motion by proxy, and a signed state- 
ment on his behalf shall be produced by any other Member who shall vote on 
behalf of such Member.’’.. . 

(44) Every Member, except Associates, shall have one vote, whether on 
a show of hands or by poll. In the case of an equality of votes the Chairman 
shall have a second or casting vote. 

(46) On a poll, votes may be given personally or by proxy. A proxy must 
be a member of the Society. 

(49) The instrument appointing a proxy must be deposited at the registered 
office of the Society not less than Forty-eight hours before the time of holding 
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the meeting or adjourned Meeting at which the person named in the instrument 
” proposes to vote, and in default, the instrument of proxy. shall not be treated. 
as valid. 


Bye-Laws 
The Byr-Laws will be formulated as experience dictates, in amplification. 


or clarification of the preceding Articles. The draft bye-laws of the Society 
are in the course of preparation and will be published when completed. 


IONOSPHERIC ROCKET PERFORMANCES 


On March 21 the U.S. Army Ordnance Department disclosed that a ‘‘Galcit’” 
rocket had “recently” reached a height of 230,000 feet, or about 434 miles. 
Developed at Pasadena, California, with the Douglas Aircraft Company 
assisting in its manufacture and assembly, the rocket was launched from the 
proving grounds of the U.S. Navy Dept. established last autumn at White 
Sands, Las Cruces, New Mexico. The only details disclosed were that it 
weighed 1,000 pounds, with a length of 16 feet and diameter 1 foot, and that a 
liquid propellant of a hydrocarbon and oxidizer was used. Its code name was 
“‘Wac Corporal’’; it has been under development since 1944 for the purpose of 
meteorological and aerodynamic research. 

Another “‘Wac Corporal’”’ was launched from White Sands on May 10. It 
ascended 10 miles vertically and then the radar lost track of it. 

On the same day, May 10, at 2.13 p.m. Mountain Time, a captured German 
V2 rocket was launched from the same grounds and is stated to have reached 
a record height of 75 miles; figures of 72 or 71 miles were given in some reports. 
It landed 39 miles to the north, less than 300 yards west of the intended spot. 
This rocket carried as ‘‘payload”’ only a radar beacon and some dummy instru- 
ments to see how they would withstand the landing; it was, however, fitted 
with armour-plated receptacles intended for collecting samples of ionospheric 
air. The fuel was only allowed to burn for 59-4 seconds, otherwise it could 
have gone higher. 

But as we go to press a report comes that another V2 has been fired and is. 
believed to have risen nearly 100 miles before landing on the intended target 
42 miles away. 
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4 Sampson Low § 
DAWN 
OF THE 
SPACE AGE ‘ 
i 
Harry Harper Ae 


* 


The author, a member of the British Interplanetary Society, 
tells the story of the men who are actively preparing for the first 
space flights. The book, with 16 pages of illustrations, includes 
specially prepared plans of the 1,000-ton rocket which ‘has been 


designed for the project. 
Just Published 


8s. 6d. net 
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JET FLIGHT 
€ by 
Ag John Grierson By 


d An account of this revolutionary development in flying by one By 
» who, as test pilot, was a member of the team actively engaged } 


in the work. Wing-Commander Grierson has included a 
considerable amount of technical data, and over 50 illustrations 
from photographs and plans. 

“This is an important work, not merely a book written by an 
expert for experts, because the author has the knack of presenting 
a technical subject in a way that is of interest to non-technical 
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readers.” Daily Telegraph. 
Just Published Is.net 
47 43, LUDGATE HILL, LONDON, EC4 
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EVERY 


PHASE OF 

AERONAUTICAL 
DEVELOPMENT 
AND RESEARCH 
IS COVERED BY 


THESE PUBLICATIONS 


FLIGHT (published weekly. Price I/-). For 35 


years FLIGHT has consistently provided the highest 
standard of information on every aeronautical develop- 
ment, supplementing it with brilliant functional drawings 
and vivid photographs. Its readers know that every fresh technique and every worthwhile item 
of news will be presented speedily and accurately ; jet propulsion, for instance, is nothing new to 
them—FLIGHT has covered its evolution for nearly five years. If you cannot buy a copy "GLIGHT 
eke and Overseas £3 Is. 


is always in great demand), borrow one. Annual subscription 


GAS TURBINES & JET PROPULSION (4th Edition). 
Written by G. Geoffrey Smith, M.B.E. (Managing Editor of 
FLIGHT), this book was published in 1942, being the first work 
of reference on the subject of aircraft propulsion plants employing 
combustion gas turbines and compressor combinations. The 4th 
edition (now on the Press) has been greatly amplified and 
profusely illustrated; it describes current and projected turbine- 
controlled aircraft and discusses future prospects. Available soon. 
Price 12/6d. net. By post 13/-. 


FLIGHT HANDBOOK (4th Edition). This practical hand- 
book produced by the technical staff of FLIGHT is now revised and 
enlarged to contain all the information necessary to obtain a grasp 
of the theory of aeronautics. It shows in simple language how 
such theory is applied; there are numerous diagrams and 
photographs and modern developments are dealt with in a very’ 
thorough manner. Price 7/6d. net. By post 7/10d. 


OTHER PUBLICATIONS OF SPECIAL INTEREST. 
Apart from the above, Associated Iliffe Press produce many other 
authoritative journals and text books on Radio and Electronics. Full list 
on application. Address age enquiry to Publishing Department, 
ASSOCIATED ILIFFE PRESS LTD., DORSET HOUSE, STAMFORD 
STREET, LONDON, S.E.!. Telephone WATerloo 3333. (50 lines) 
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